We explore the impact of geographically bounded intra-firm spillovers (internal agglomeration economies) and geographically bounded inter-firm spillovers (external agglomeration economies) on firms' location strategies. Using data from the Census Bureau's Longitudinal Business Database and the U.S. Cluster Mapping Project, we analyze organic expansions of biopharmaceutical firms (by both new establishments and employment increase in existing establishments) in the U.S. in 1993-2005. We consider all activities in the value chain and allow location choices to vary by R&D, manufacturing, and sales. Our findings suggest that (1) internal and external agglomeration economies have separate, positive impacts on location, with relevant differences by activity; (2) internal economies of agglomeration arise within an activity (e.g., among plants) and across activities (e.g., between manufacturing and sales); (3) the effects of internal economies across and within activities vary by activity and type of organic expansion; and (4) across-activity internal economies are asymmetric.
Introduction
The determinants of firms' location choices are the subject of a large body of research spanning multiple disciplinary fields. Most research in economics and management argues that elements of the external environment-most notably, location endowments and agglomeration economies-drive location choices. This focus overlooks the significant role of internal drivers such as geographically bounded intrafirm spillovers. The omission is particularly surprising in the strategy literature, which recognizes that links between activities across the value chain are important levers for developing competitive advantage (Porter 1996) . The scarce research that does consider internal drivers focuses on links across pairs of activities, typically manufacturing and R&D. This approach obscures the effect of internal collocation forces acting across the value chain and within each value chain activity (e.g., multiple plants of the same firm).
Our objective is to identify the extent to which the locations of distinct activities in the value chain (manufacturing, R&D, or sales) are explained by the external environment and by internal drivers (i.e., the locations of a firm's pre-existing facilities). Due to the breadth and variation of prior empirical findings in this area, and to the dearth of relevant theoretical models, we do not approach our data with a set of testable hypotheses. Instead we present several streams of prior research that shape our expectations about the drivers of firm location and that guide our empirical analysis. Our conceptual section reviews and synthesizes previous research scattered across fields to provide a comprehensive view of the location decision, which we then translate to our data. This process allows us to identify limitations in the current studies and to propose a new, more comprehensive empirical framework that uses both external and internal location drivers to examine firms' location decisions across the value chain.
We conceptualize the location decision as a tradeoff between two sets of forces. The first set is external agglomeration economies, centrifugal forces that drive firms to disperse their activities geographically. The second set is internal agglomeration economies, centripetal forces that drive withinfirm collocation, either across activities (e.g., manufacturing and R&D) or within activities (e.g., multiple R&D labs). Our theoretical review begins in Section 2.2 with the most prolific area of research, external drivers of location, covering both endowment-related drivers and agglomeration economies. Section 2.3 introduces the idea of internal agglomeration economies-productivity gains achieved when same-firm activities are collocated-as a conceptual tool encompassing a wide set of empirical findings in economics and management research. We argue that internal agglomeration economies (1) vary by focal activity (e.g., manufacturing has a different influence on sales location than on R&D location); (2) that they are asymmetric (e.g., the effect of manufacturing on the location of sales does not equal that of sales 3 on the location of manufacturing); and that they are (3) firm-specific (e.g., a firm may develop unique routines to facilitate the geographic separation of manufacturing from R&D).
Empirically, we contribute new empirical methods and findings that are important for analyzing firm location choices through the value chain. Using data from the Census Bureau's Longitudinal Business Database, we focus specifically on expansions (both through new openings and through employment increases at existing establishments) of biopharmaceutical firms between 1993 and 2005 and ask to what extent the location of a firm's new activities-a new site for manufacturing, R&D, or sales-can be explained by the location of a firms' pre-existing sites as compared to the external environment. To our knowledge, this is the first study to systematically explore collocation decisions for all firm activities rather than for subsets of activities. We introduce our data and explain our econometric approach in Section 3. We emphasize that our measure of internal economies is firm-specific, acknowledging that firms may develop specific capabilities that affect interdependency across activities. We present our results in Section 4 highlighting that (1) internal and external agglomeration economies have separate, positive impacts on location, with relevant differences by activity; (2) internal economies of agglomeration arise within an activity (e.g., among plants) and across activities (e.g., between manufacturing and sales); (3) the effects of internal economies across and within activities vary by activity and type of organic expansion; and (4) across-activity internal economies are asymmetric. We summarize and conclude in Section 5.
External and internal drivers for multiunit firms' locations
There has been a dearth of systematic theoretical and empirical research that bears directly on the extent to which the locations of various value chain activities can be explained by internal or external drivers. There are nonetheless several streams of prior research that influence our expectations about external drivers and, to lesser extent, internal drivers, and these guide our empirical analysis. We will first provide a concise summary of the literature on external drivers and then delve deeply into the important but less developed literature on internal drivers.
External drivers of location: driving firm activities apart?
Two set of external drivers have been commonly studied in the literature: unique location endowments and agglomeration economies. Ricardo (1817) was the first to posit that a stochastic distribution of natural resources across the geographic space drives economic exchanges, an idea that is at the core of economic geography and international economics today. Some studies have since expanded
Ricardo's view of endowments to encompass a location's institutional features, such as IP regimes, labor regulation, and the unique technological knowledge present in universities. This literature primarily 4 predicts that firms will flock to locations where they can tap (1) abundant inputs at low costs (e.g., labor in China), (2) rare and unique resource (e.g., knowledge from universities), or (3) location-specific incentive programs (e.g., tax policies).
Marshall (1920) introduced a second and related external driver to explain location choices: agglomeration economies. He argued that collocated firms would enjoy higher productivity because geographic concentrations of firms would attract larger pools of specialized labor and suppliers, and would also facilitate the flow of knowledge from one firm to another. These agglomeration economies exert a multiplier effect on firm productivity by increasing the benefits that firms would otherwise receive only from a location's physical and institutional endowments, a concept that has been adopted and expanded by researchers in various fields, including Porter (1998) in strategy, Jacobs in urban economics (1984) , and Krugman (1991) in international economics.
This rich tradition of research in agglomeration economies has been revitalized in related but diverse areas in recent years. Some studies have focused on developing new methods to isolate agglomerationsthe geographic density of same-industry activity caused by broadly defined endowments-from agglomeration economies-positive spillovers from collocated firms (Ellison and Glaeser 1997; Glaeser and Kerr, 2009 ). Porter (2003) and Delgado et al. (2010a Delgado et al. ( , 2010b conceptualized agglomeration economies within regional clusters of related and complementary industries (in both manufacturing and services).
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A second research stream has focused on how agglomeration economies vary by firm and by industry. In strategy, Shaver and Flyer (2001) and Alcacer and Chung (2006) identified conditions under which collocation may affect firms negatively. In economics, Henderson (2003) and Rosenthal and Strange (2009) , among others, suggested that agglomeration benefits depend on firm size. In terms of industry determinants, Henderson et al. (1995) and Duranton and Puga (2001) found differences in agglomeration patterns between low-and high-tech industries and between new and mature industries.
While some of these recent papers have identified negative effects from external drivers-the incentives to avoid collocating-most empirical and theoretical models suggest the effect of agglomeration economies on location choices will be positive. And while the evidence overall is somewhat thin, previous research also suggests that the strength of external location drivers will vary by 5 value chain activity. For example, Audrestch and Feldman (1996) found that innovation in the U.S. is more concentrated than manufacturing; and Alcacer (2006) found that competition and external agglomeration economies exert different effects on inter-firm collocation for R&D, manufacturing, and sales in the wireless handset industry. Thus, we argue that in the absence of countervailing forces, external drivers might be magnets for some activities but not for others, inducing firms to geographically disperse particular activities in the value chain. A biotechnology firm, for example, might locate its R&D labs near Cambridge because MIT is a unique source of knowledge, conduct its manufacturing in Puerto Rico because of low-cost labor and land, and site its headquarters in Washington, DC, to facilitate access to the NIH and FDA.
From this literature on the external drivers of location choices we can establish our first prior: that external agglomeration forces influence location choices, and that their effect will vary by activity (with some evidence that the effects are stronger for R&D, followed by manufacturing). Additionally, we can expect that, because activities may be attracted to different features in the external environment, firms will adopt a basic level of geographic dispersion for different value chain activities.
Internal drivers of location: bringing firm activities together?
The research on internal drivers of location choices has been more fragmented and lacks an organizing framework. Most papers have examined collocation across pairs of activities (e.g., manufacturing and R&D) and, to a lesser extent, within an activity (e.g., collocation of two plants manufacturing the same or different products) (Ketokivi 2006) . Taken as a whole, this research suggests that interdependency between a firm's value chain activities (due to supply, demand, skills, knowledge, or other interdependencies) may induce a firm to collocate those activities. Interdependencies that are sufficiently strong might even swamp any dispersion effect promoted by external drivers.
Internal drivers across activities
Previous empirical research has focused on pairs of activities, normally manufacturing and R&D.
These studies find high levels of collocation and positive, although asymmetric, performance effects on collocated activities.
In terms of location patterns across activities, these studies suggest that the extent of collocation between manufacturing and R&D depends on the type of R&D. Looking at Japanese investments in Europe, Mariani (2001) found that R&D sites were likely to be located close to manufacturing, but that this link was weaker in science-oriented industries. Using survey data for Japanese firms in biotech and electronics, Kenney and Florida (1994) found that interactions between R&D and manufacturing sites 6 were higher for applied R&D than for basic R&D, and therefore the location of basic R&D sites were less influenced by pre-existing manufacturing sites.
In terms of the effect of collocation for manufacturing and R&D, prior studies have examined the unidirectional effect of manufacturing on R&D performance (Tecu 2011) or the reverse effect of R&D on manufacturing (Jaffe 1996), but rarely have studies examined both effects simultaneously or explored their asymmetry. Tecu (2011) used patent data as an output measurement to find that R&D in pharmaceuticals was 2.5 times more productive in locations where manufacturing was also present (after controlling for external drivers of innovation such as proximity to universities and peer firms). Examining the reverse effect, in the case of R&D on manufacturing, Adams and Jaffee (1996) demonstrated that the positive effect of parent-firm R&D on plant productivity diminishes with geographic distance.
Studies that examine the collocation of other activities, such as sales or support, are scarce and offer inconclusive findings. Kleinbaum et al. (2008) used email frequency as a proxy for coordination needs in a large technology firm and found above average information exchanges between sales and R&D and between sales and supporting services. However, information exchanges between these activities may not require collocation. Van den Bukte and Moensert (1998) found no changes in information flows between R&D and sales even after dispersed R&D personnel were geographically concentrated.
For support activities, the role of firm headquarters has received special attention. Focusing on the dependency between HQ and manufacturing sites, Henderson and Ono (2008) found that, after controlling for external drivers, such as access to specific services in metropolitan areas, firms prefer to keep HQs close to their manufacturing bases.
Generating strong priors on collocation levels across value chain activities is problematic for different reasons. First, with the probable exception of collocation for manufacturing and R&D, we don't know of any studies that systematically examine collocation for all firm activities. Failing to consider all activities leads to an omitted variable problem, in which collocation levels between sales and manufacturing may be overestimated (or underestimated) by falling to control for the locations of another activity such as R&D. Second, although most studies suggest potential mechanisms for positive spillovers between establishments, they fall short of identifying those mechanisms empirically. As a consequence, it is difficult to build hypotheses based only on universal primitives-such as the nature of knowledge, the need for coordination, the complexity of interactions-that underlie a specific activity.
2 Third, findings that make productivity comparisons between collocated and non-collocated activities may not be adequate 7 tests of causality because of endogeneity issues between location choice and performance (i.e., firms choose locations based on their expected subsequent performance).
For all these reasons, we believe that, given the state of the theoretical and empirical development in this area, the level of same-firm collocation for any pair of activities is an empirical question. As such, we approached our data without strong priors.
Internal drivers within activity
Among all the drivers of location, internal drivers within an activity (e.g., the collocation of samefirm, same-product plants) have received the least attention (Ketokivi 2006) . In fact, the scant existing research focuses on explaining the dispersion, not the collocation, of same-activity, same-firm establishments. In most cases, external drivers (e.g., access to markets) overcome any implicit benefit from collocating the same activity of a firm.
The starting, implicit assumption is that activities of a particular type should be performed at a single location to achieve economies of scale (for single-product firms) or economies of scope (for multiproduct firms). Dispersion would occur only when external drivers (e.g., access to markets) overcome any implicit benefit of same-activity collocation. Weber (1909) introduced the idea that transportation costs to final consumers might push firms to geographically disperse same-product plants. Krugman (1991) proposed that specialization of intermediate inputs produced in the lowest-cost production location is an important driver for trade. Thus, the manufacture of complex products will be divided into components and each component will be produced in the location with the lowest factor costs. The international business literature introduced market frictions that may trigger horizontal foreign direct investment. For example, the legal environment, regulation that favors local production, or intangibles that are not transferable through markets might all prompt firms to disperse the same activity across countries (Caves 1996) .
Even when dispersion is desirable, firms must develop capabilities to make it feasible. Exploring when U.S. manufacturing firms fragment production across locations, Fort (2011) suggested that production fragmentation occurs with the use of communication technology-only then would firms find it profitable to geographically disperse production to tap lower costs or closer-to-demand locations. Also, highlighting the role of information as a driver of within-firm same-activity collocation, Kleinbaum et al. (2008) found that most information exchanges happened within activities, with the highest level of intraunit emails found in R&D, followed by support activities. Given that R&D relies on the continuous exchange of tacit knowledge, it is not surprising to expect that R&D sites will be more likely to collocate.
For example, Van Den Bulte and Moenaert (1998) found that information flows among R&D personnel increased when dispersed teams were geographically concentrated, suggesting there are informational benefits from collocation.
The previous studies assumed single-product firms, but many geographically dispersed firms are also multi-product firms. 3 Although some activities, such as support, are likely to spread across multiple products, others, such as manufacturing, sales, and even R&D, are likely to be product-specific. In such cases, will there be benefits from collocating R&D, manufacturing, or sales sites associated with different products? We argue that the answer is yes for two reasons. First, although geography is absent in the diversification literature, the idea of industry relatedness (Collis and Montgomery 1997) would suggest that same-activity sites of related products (e.g., manufacturing soap and oil) may benefit from collocation. Second, if a firm is active in two value chains and the product/service behind one of them is an input for the product/service of the other, one could expect benefits from collocation of all (or some) activities in the value chains. After all, the argument for positive externalities from proximate specialized suppliers (Marshall 1929) does not require those suppliers to be independent firms.
As in the case of internal agglomeration across activities, the lack of well-developed theories and the sparse set of empirical findings do not facilitate our building a strong hypothesis with which to approach the data. Abstracting from external forces, the received wisdom would suggest that single-product firms would favor collocation for establishments that perform the same activity. Where the activity belongs to a separate value chain-e.g., to a different product/service-we can expect firms to prefer collocation for products/services that are related.
Whether the locus of attention is across or within activities, the literature on the internal drivers of location provides three main insights. First, if meaningful linkages or interdependencies exist across or within activities, in the form of knowledge or information flows, intermediate inputs, or labor sharing, firms will be more likely to collocate those activities. These linkages, which we call internal agglomeration economies, will vary by activity and appear to be asymmetric.
Second, even if those links are desirable and exist, firms may have developed firm-specific capabilities-for example, through investment in IT or organizational practices-that render geographic collocation unnecessary. Thus, location patterns observed in the data will be the result of both underlying linkages across and within activities as well as of firm-specific decisions that make those linkages more or less geographically bounded.
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Third, there are tradeoffs between internal and external location drivers and, more importantly, those tradeoffs vary by activity; for instance, even if R&D would benefit from collocating with same-firm manufacturing, its final location may be determined by the overwhelming advantage of collocating with external knowledge sources such as a research university. These tradeoffs will also vary by firm because firms can take actions to neutralize the effect of distance. For example, a firm can collocate R&D and manufacturing activities and also tap a research university in another location by promoting internships and other collaborations between the university and firm personnel.
Empirical design
Our empirical design examines the location decisions of organic expansions of biopharmaceutical firms in 1993-2005. Organic expansions include opening new establishments (organic external expansion) and increasing employment above a threshold in existing establishments (organic internal expansion). 4 There is strong evidence of internal agglomeration economies when firms grow within the same establishment. Thus, failing to account for organic internal expansions could underestimate the relevance of internal economies. Furthermore, if the locations where the firm is already present are rich with external agglomeration economies, abstracting from organic internal expansions may also underestimate the importance of external agglomeration economies.
The biopharmaceutical industry is an ideal setting for several reasons. First, previous research has shown that biopharmaceutical firms tend to cluster, suggesting the existence of agglomeration economies (see, e.g., Zucker et al. 1998 , Feldman and Schreuder 1996 , Feldman 2003 . Second, Pisano (1997) found high levels of interdependencies among activities in the value chain, suggesting the presence of potential internal agglomeration economies. 5 Third, the industry experienced an important period of growth during our sample period. Two critical parts of this transformation were the shift from drug development, normally triggered by basic research in universities, to more applied development and the scaling-up of manufacturing. A third critical factor was the development of new activities for commercialization and support, a development which allows us to capture geographic dispersion of multiple activities within the value chain.
4 We exclude acquired establishments and their expansions during 1993-2005. 5 The biopharmaceutical applied R&D and manufacturing functions of a firm may have meaningful interdependencies since they often share similar technologies, and many doses of a drug are produced during the R&D process. There are also basic R&D activities related to the creation of new molecules that may not be linked with the manufacturing process, but are instead linked to other R&D and support activities of the firm.
Sample
Our primary data source is the establishment-level Longitudinal Business Database (LBD) of the Census Bureau. The LBD provides annual observations of the universe of U.S. establishments with payroll in the years 1976-2005, including each establishment's date of entry, physical location, industry code, and number of employees.
Our first challenge was to identify firms in biopharmaceuticals. The traditional approach has been to select firms in a particular set of SIC codes. For example, Toole (2003) and Cortright and Mayer (2002) defined biopharmaceuticals firms as those with establishments in SIC-283 -manufacturing of medicinal chemicals and botanical products (SIC-2833), pharmaceutical preparations (SIC-2834), diagnostic substances (SIC-2835), and biological products (SIC-2836) -and in SIC-8731 (commercial R&D in the physical, engineering and life sciences research). Another approach is to identify firms using firm directories (e.g., see Zucker et al. 1998 ). Both approaches have pros and cons. SIC-based sampling captures all firms, whether well-known or not, but it may include firms whose scope reaches beyond biopharmaceuticals. 6 Directory-based sampling guarantees that firms are in biopharmaceuticals, but it does not cover all firms.
We followed a hybrid approach to define our sample. Specifically, we matched LBD data to BioScan (1992), a detailed (but not exhaustive) directory of worldwide biopharmaceutical firms also used by Zucker et al. (1998) , to obtain frequencies of establishments' SIC codes for the matched firms (see Table   1 .a). Three features in Table 1 .a deserve to be highlighted. First, approximately 75% of Bioscan-matched firms had at least one establishment in SIC-283 or SIC-8731, suggesting that membership in these SIC codes is an appropriate criteria to identify whether a firm in LBD is in biopharmaceuticals. Second, the frequency of SIC codes allowed us to identify activities in the biopharmaceutical value chain (referred to hereafter as the Bio-VC): R&D (associated with SIC-8731), manufacturing (associated with SIC-283), sales (associated with SIC-5120). Third, there were establishments with SIC codes outside Bio-VC. We aggregated these other firm activities into other value chains (referred to hereafter as Other-VCs) that include Other-R&D (SICs 8732 to 8734), Other-Manufacturing (SICs 20 to 39; except 2830) and OtherSales activities (SICs 50 to 59; except 5120). 7 The rest of firm activities were classified as support for any value chain, including Bio-VC. The main support activities included business services (including headquarters), medical labs, and financial, insurance, and real estate activities (e.g., holding companies).
Thus, our final sample spanned around 600 multi-unit firms in the LBD database, with at least one establishment in either the 3-digit SIC 283 or in SIC 8731 as of 1992 (of these, 112 firms also appeared in BioScan). 8 A total of 335 of these firms experienced expansion in an existing establishment in Bio-VC, and 157 of them opened a new biopharmaceutical establishment during 1993-2005. Our analysis focuses on the location choices for these biopharmaceutical expansions.
Econometric Specification
The empirical analysis examines the relationship between the location of organic expansion of biopharmaceutical firms and internal and external agglomeration economies. The baseline econometric specification is as follows:
Where is equal to 1 if firm f chooses economic area (EA) 9 r to expand in industry j that is part of focal bio activity i (R&D, manufacturing, or sales) 10 at time t; is a set of variables that capture firm f's geographic footprint of activities (i.e., ∀ activity i in Bio-VC or Other-VCs) in EA r at time t-1; is a set of variables that capture potential external agglomeration economies for focal activity i, in EA r at time t-1; is a variable that indicates whether firm f had any employment in activity i in EA r at t-1, is a vector of EA fixed effects, and is the error term.
Recall that we considered two types of organic expansion. is equal to 1 if firm f choose EA r to open a new establishment in industry j that is part of bio activity i at time t. There were more than 1200 external-expansions in Bio-VC activities.
11 is equal to 1 if firm f chooses EA r to increase employment in an existing establishment in industry j that is part of bio activity i at time t at a level that is larger than the median size of new establishments opened during 1993-
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2005 for the same bio-activity. 12 In other words, we assume that an increase in employment above a certain threshold is equivalent to opening a new establishment in an existing location. There were 2337 internal expansions in Bio-VC in our sample (See Table 1b ).
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We estimated equation (1) 
External economies of agglomeration
We built on Porter (2003) and Delgado et al. (2010a) to compute our main variables of external economies of agglomeration. Specifically, we used two measures of external economies computed the year prior to the expansion of an establishment. 15 First, external agglomeration benefits may arise from the specialization of a region in the focal activity of the establishment. To capture this, we defined the specialization of region r in the activity i (Same Bio-activity Spec irt ) as its location quotient, i.e., the share of regional employment in the region-activity as compared to the share of U.S. employment in the U.S.-activity. More formally: *
where emp irt and emp iUSt are employment in activity i at time t for EA r and the U.S., respectively, and emp rt and emp USt are total employment for r and for the U.S.
Because biopharmaceutical manufacturing encompasses multiple 4-digit SICs, we needed to aggregate employment data at the activity level. Recognizing that not all pairs of industries are equally related, we aggregated employment data using weights that capture pairwise industry relatedness.
Specifically, we used locational correlation of employment between industries j and k (LC jk ) as the building block for our relatedness weights. Locational correlation captures any type of externalities across 12 The pseudo median size of new establishments was computed using the range of percentiles 40 to 60 to avoid disclosure problems. The thresholds corresponded to values of 7, 45 and 21 employees for Bio-R&D, Bio-Mfg, and Bio-Sales, respectively. In the sensitivity analysis we considered alternative thresholds.
13 Of these, 1282 in R&D, 546 in manufacturing, and 509 in sales. 14 The choice set corresponds to the group of EAs selected for expansion in our sample in 1993-2005. The selected EAs vary by biopharmaceutical activity and type of organic expansion. When we consider all biopharmaceutical organic expansions all the EAs are chosen for expansion. 15 The extent of external benefits will depend on a firm's ability to interact with other firms in the region. In this paper, we abstract from the firm-level mechanisms that facilitate external benefits. Table 1 .b).
Second, agglomeration benefits may also arise from a regional specialization in other activities related to activity i. Thus, we defined the specialization of a region r in activities related to focal bio- 16 Specifically, LC jk is the correlation coefficient between regional (EA) employment in industry j and regional employment in industry k (corr(emp jr , emp kr ); see Porter (2003) for further detail). Delgado et al. (2012) demonstrated that LC jj significantly correlates with other pairwise activity relatedness measures, including inputoutput links (Ellison et al. 2010 ) and the coagglomeration index used by Ellison and Glaeser (1997) . 17 Note that Bio-R&D and Bio-Sales activities are mapped to unique 4-digit SIC codes. Thus, equation (2b) becomes * . 18 In contrast to local industries (e.g., utilities) that serve primarily the local market, traded industries concentrate in particular regions and sell products or services across regions. Porter (2003) (Fort 2011) . In this case, even two activities with meaningful linkages might not be geographically bounded.
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To capture internal economies while recognizing firm heterogeneity, we developed various firmregion-year variables that account for the spatial organization of a firm's activities and are consistent with our measures of external agglomeration economies in equations 2 and 3. However, departing from our measures of external economies, our measures for related activities were more granular. Specifically we grouped related activities by value chain (Bio-VC and Other-VCs) and by activity (R&D, manufacturing, sales, and support).
Our measure of firm-level regional specialization by bio activity captures whether the firm employment in an activity is over-represented in a particular location (given the size of the firm and its portfolio of activities and locations), and is defined as
where k indexes all 4-digit SIC codes that map to activity i; j is the 4-digit SIC of the establishment, w fjkt the firm-specific relatedness between industries j and k; and the employment variables are as follows: 
with k indexing through any 4-digit SIC industry that maps into the support activity (as defined in Section 3.1). This variable captures the presence of a firm's support activities in region r at time t. Other-Sales Spec, and Firm Support Spec. It is worth emphasizing three features of our internal economies. First, our variables aggregated the presence of firms' employment across all industries k related to focal activity i (R&D, manufacturing and sales) as defined in a particular value chain across regions and time, and an observation is defined at the establishment's industry level. In this way, we were able to exploit the maximum level of heterogeneity available in our data. Second, the aggregation into activity and value chain was based on weights that emerged from actual geographic collocation patterns.
21 For example, if a firm has 50% of its employment in Bio-R&D and locates 100% of this activity in a single location, then Firm Bio-R&D Spec will be 2 in that location (and zero in all other locations). 22 We allowed the relatedness between a pair of industries to change by year because a firm's portfolio of EAs and industries changes as the firm expands (through acquisitions and new establishments). Note that this variable does not assume that benefits from collocating activities are common across firms; on the contrary, it is firm-specific and time variant. 23 In the sensitivity analysis we used alternative measures of firm collocation patterns, including a Jaccard index and a simple matching score. For all these measures, we assumed that if a firm had only one EA, the activities located in that EA were related (w fij =1). We also assumed that the firm's new activities (i.e., the firm diversified into new SICs) were unrelated to its existing activities (w fjk =0). We relaxed these assumptions in the sensitivity analysis by using unweighted internal economies variables (i.e., w fjk =1).
Third, although these variables used the same related industries as the ones we used to calculate external economies, they differed in terms of weights (firm-vs. industry-based weights) and levels of aggregation (Bio-VC, Other-VCs, and Support vs. same-and related-activity).
Controls
There are some potential trade-offs between internal and external location drivers that may induce firms to locate a new establishment in a new EA (i.e., in an EA where the firm had no prior employment).
A decision to deviate from prior geographical patterns suggests that external benefits may dominate internal benefits. Because location into a new region could be driven by unobserved firm attributes (e.g., decreasing internal economies in existing facilities of the firm, firms with small portfolios of locations, R&D-oriented firms, etc.) and/or by changes in the external environment (e.g., radical innovations in the new location), we controlled for this by including a dummy equal to 1 if the firm had no employment in a location at t-1 (Firm New EA). This control does not apply to the models of organic internal expansions since this expansion always occur in an existing location.
Finally, we controlled for unobserved factors in an EA that could influence the extent of external and internal agglomeration benefits (e.g., physical endowments, policies that favor manufacturing activities, wages, and labor composition) by including EA fixed effects.
24
While we accounted for the past location patterns of any pair of firm activities, it is possible that additional, unobserved firm heterogeneity influenced firms' subsequent expansions and location decisions in our sample period. We addressed this concern in the sensitivity analysis by considering the geographical and activity specialization of firms as well as their diversification into new bio activities, since location choices in these cases could be more idiosyncratic. Table 2a introduces the results of estimating equation 1 using conditional logit for all organic expansions. Coefficients are transformed into odd-ratios to facilitate comparisons. In models 1 and 2 we examine location choices for all bio activities and in models 3, 4, and 5 for sub-samples of specific bio activities (R&D, manufacturing, and sales respectively). All models include EA fixed effects. Model 1 introduces our measures of external economies. As expected, both Same Bio Activity Spec and Related Activities Spec are positive and significant, indicating that external economies positively influence the locations where firms expand. Note that the odd ratio for Same Bio Activity Spec is significantly smaller than odd ratio for Related Activities Spec. This suggests that agglomeration economies arising from activities related to the focal activity are the main external driver of location.
Results
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Model 3 adds our measures of internal economies for firm Bio-VC, Other-VCs, support activities, and the expansion into a new location (Firm New EA). Including these variables improves the model fit substantially; the log likelihood goes up by 3948 (41%), a significant change at the 1% level, suggesting the importance of considering internal economies in location choices. Note also that the estimated coefficients for external economies become smaller in magnitude, suggesting that not controlling for internal economies may bias the estimates of external economies.
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Negative and statistically significant coefficients for Firm New EA across specifications provide the first piece of evidence that internal agglomerations matter. 27 Firms are less likely to expand in an EA where no previous activity, of any type, is located. Moving to more granular measures of internal economies, the coefficients for internal economies are positive and significant. The magnitude is statistically larger for internal economies in Bio-VC than in Other-VCs and support. The same pattern is found when focusing on the location of specific bio activities (models 3 through 5). The importance of collocating with same-firm Bio-VC is especially larger for bio manufacturing expansions, followed by R&D and sales expansions (as suggested by the magnitude of the odd ratios).
The impact of external economies varies by activity type as well. Surprisingly, the most robust findings refer to the coefficients for Same Bio Activity Spec being negative and significant. Statistical issues may be behind this counterintuitive finding: For models estimated using subsamples by activity, our external economies variables vary mainly by EA, with little variation over time and little or no industry variation; as such, they are highly correlated with the EA fixed effects. As a result, coefficients for external economy variables are often insignificant or have an unexpected sign. Therefore, we reestimated all models with (1) just external economy variables or (2) just EA fixed effects. 28 Under both approaches, no relevant changes were observed in the coefficients of the internal economies variables across all models. With the exclusion of the EA fixed effects, the specialization of the region in activities 25 This is consistent with Delgado et al. (2010a) , who found that economies of agglomeration take place within clusters of related industries. They showed that clusters of industries that are related to a focal region-industry contribute to the region-industry creation of new establishments. 26 We may not be able to properly disentangle the effect of external economies from the internal economies for firms that are born in a strong biopharmaceutical cluster and concentrate their facilities in that single location. The correlation of the external economies variables with the internal economies variables is small (from .03 to .14), reducing this concern. Additionally, in the sensitivity analysis we dropped firms with a single EA during the whole period and the findings are robust. 27 We do not provide the coefficient of this variable because we have not tested whether it passes the LBD disclosure test. 28 Results available from the authors upon request.
related to the bio-activity of the establishment (Related Activities Spec) has a positive and significant effect. The effect of Same Bio Activity Spec also becomes positive and significant with the exclusion of EAs (for all but manufacturing expansions), but the magnitude of its effect continues to be smaller than for Related Activities Spec.
29 Table 2b introduces results by organic expansion type: columns 1a to 5a for organic internal expansion (employment increases in existing establishments) and columns 1b to 5b for organic external expansion (opening of new establishments). Note that the results for organic internal expansion are very similar to those obtained for all organic expansions. All types of internal economies continue to matter for location choices, and their estimated coefficients are larger, suggesting a stronger role of internal economies on internal expansions than on the location of new establishments. The effects of external agglomerations are similar to those reported for Taken together, the results in Tables 2a and 2b reveal clear location patterns for biopharmaceutical activity. First, for all expansion types, both internal and external agglomerations play an important role.
Second, both internal economies (as expected) and external economies (less expected) are larger in 29 For Bio-Manufacturing organic expansions, the coefficient of (log of) Same Bio Activity Spec remains negative and significant, suggesting diseconomies from collocating with other firms' Bio-Manufacturing facilities. 30 Even after the exclusion of EA fixed effects, the effect of Same Bio Activity Spec is noisy across specifications. 31 The only difference is for new Bio-Manufacturing establishments, for which neither external economies in same bio activity nor in related activities seem to matter. Further analysis reveals that new Bio-Manufacturing seems to locate in regions with specialization in same SIC (vs. in the broader same Bio activity). models that include internal organic expansions, suggesting that research on location decisions must also consider the default option of growing in existing facilities. Third, while all types of internal economies matter for internal organic expansions, the main positive effect is, by far, for Firm Bio-VC Spec. In contrast, the effect of Firm Bio-VC Spec for new establishment expansions, although still positive, is insignificant with relevant differences by activity, as discussed above.
Now we turn to explore the extent of within-and across-activity collocation for organic internal and external expansions (Tables 3a and 3b) . To do so, we break down the variables Firm Bio-VC Spec and Firm Other-VCs Spec into their component activities (R&D, manufacturing, and sales; models 1-3 and 4-6, respectively).
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Examining organic internal expansions reveals that the positive effect of Firm Bio-VC Spec found in Table 2b is mostly driven by within-activity economies: The largest odd ratio for R&D is Firm Bio-R&D Spec, for manufacturing it is Firm Bio-Mfg Spec, and for sales it is Firm Bio-Sales Spec. Internal economies also arise across activities, but to a lesser extent than within an activity. Both Bio-R&D and Bio-Sales internal expansions are positively influenced by the specialization of the firm in BioManufacturing in the location (models 1 and 3). However, neither firm Bio-R&D specialization nor BioSales specialization seems relevant for the expansion of Bio-Manufacturing. These results reveal important asymmetries in the types and intensity of internal economies across activities.
The findings regarding collocation across and within activities in the Bio-VC are robust when we break down Firm Other-VCs Spec by activity (columns 4, 5, and 6 in Table 3a ). Interesting patterns of collocation across value chains emerge. Internal expansions in manufacturing (sales) are more likely to occur in locations with a strong presence of same-firm manufacturing (sales) regardless of the VC type.
That is not the case of R&D, where only the presence of R&D in Bio-VC has a positive effect.
Now we turn to review the results for external expansion in Table 3b . We find relevant differences between internal and external expansions for the location of bio R&D, an activity where accessing knowledge in new locations may be especially relevant. The insignificant effect of Firm Bio-VC Spec for Bio-R&D activities in Table 2b extends to each activity (insignificant coefficients for Firm Bio-R&D Spec, Firm Bio-Mfg Spec and Firm Bio-Sales Spec in models 1 and 4 in Table 3b ). The lack of significant links between the location of new Bio-R&D establishments and the presence of same-firm BioManufacturing seems to contradict previous research (Tecu 2011) , and may emerge for different reasons.
Bio-R&D may not have relevant (geographically bounded) interdependencies with Bio-Manufacturing, especially in the case of science-oriented R&D. It may also reflect the tradeoffs between internal and external drivers. If locations that are more conducive to knowledge spillovers are not good for manufacturing, then a firm that wants to exploit external economies (e.g., collocation with other R&D firms and universities) will decide not to collocate its manufacturing and R&D functions. Finally, new (large) manufacturing establishments may have an R&D team inside the plant, and this could explain why they do not collocate with R&D establishments of the same firm.
In contrast, we find evidence of within-activity and across-activity collocation for other bio activities.
Results suggest strong within-activity dependencies for new bio manufacturing establishments, consistent with organic-internal expansions. New manufacturing establishments are more likely to be located in EAs where there is a higher presence of same-firm manufacturing in biopharmaceuticals (positive and significant coefficient for Spec in Bio-Mfg in models 2 and 5). In contrast, for Bio-Sales establishments we find weak within-activity interdependencies and strong across-activity interdependencies with biomanufacturing (models 3 and 6). Sales activities that aim to cover geographically dispersed customers may account for low within-activity collocation.
The findings regarding collocation across and within activities in the Bio-VC are robust when we break down Firm Other-VCs Spec by activity (columns 4, 5, and 6 in Table 3b ). We find relevant withinactivity and across-activity collocation with Other-VCs with differences by the focal bio activity of the new establishment, but we need to be cautious since these variables are sparse (especially for Firm Other-R&D Spec in models 5 and 6). For Bio-R&D, the positive and significant effect of Firm in Other-VCs Spec found in Table 2b is . 33 Both types of R&D expansions seem to benefit from across-activity economies with sales.
Manufacturing shows within-activity economies for all types of organic expansions. Sales shows withinactivity economies only for internal organic expansions, and strong across-activity economies with BioManufacturing for all types of organic expansions.
In summary, our findings offer relevant insights. First, both internal and external economies play a role in the location of biopharmaceutical activity. Second, internal economies of agglomeration arise within and across activities. Third, the effects of across-activity and within-activity internal economies vary by activity and type of organic expansion. Finally, the internal economies that arise across activities are asymmetric.
Sensitivity tests: alternative samples and variable definitions
To address some econometric concerns, we conducted several alternate tests using different variable definitions (both for internal and externals economies) and samples.
In terms of internal economies, our definition used weights based on locational correlations to measure firm-specific relatedness between activities. We relaxed the concept of relatedness between firm activities by assuming that all activities are equally related and geographically bounded (i.e., w fjk =1 for all pair of 4-digit SICs). Results using this alternative definition of relatedness are similar in statistical significance to those in Table 2 and Table 3 , with slight changes in the magnitude of the effects. For the models that examine collocation within and outside Bio-VC, we find that unweighted internal economies result in greater coefficients for Firm Bio-VC Spec for most models. 34 This increase seems driven by an increase in the magnitude of within-activity economies (especially for organic-internal expansions; Table   3a ). The difference between weighted and unweighted results suggests that accounting for firm-specific interdependencies offers a more accurate estimate of the role of internal economies.
Additionally, we tested whether our mapping of Bio-VC activities to SICs drives our findings.
Specifically, for the samples of organic biopharmaceutical expansions, we considered a single value chain and examined collocation across broadly defined activities (i.e., without separating out Bio-VC and
Other-VCs). This redefinition has the benefit of reducing sparcity for the explanatory variables as well as relaxing the definition of the core value chain of a biopharmaceutical firm. Findings with this new 33 When we consider the sample of all organic expansions (not reported), for Bio-R&D expansions the bio-activity that matters is the firm specialization in same activity. Bio-R&D also benefits of collocation with each activity in Other-VCs, consistent with the exploratory nature of R&D in biopharmaceuticals. 34 The exception is for the location of new Bio-Manufacturing establishments, with a relevant decline in magnitude of Firm Bio-VC Spec that becomes insignificant (model 4b in Table 2b ), which is also associated with a relevant decline in magnitude (though not in statistical significance) of Firm Bio-Mfg Spec (models 2 and 5 in Table 3b ).
definition confirm prior results in Tables 3a and 3b regarding within-activity and across-activity internal economies.
In terms of sampling, we applied specific criteria to identify biopharmaceutical firms from the LBD data. Because it may be possible that some of these firms are not actually in biopharma, we re-estimated our models using only firms that were in the BioScan directory. Results using this subsample of firms are very similar to those obtained from the extended sample across specifications. 35 To further control for unobserved attributes of firms that could drive location decisions, we dropped different subsamples of expansions. First, we dropped organic expansions if a firm has a single EA at t-1. Firms that have a single location during the whole period could be especially problematic since the initial external drivers that pulled them to their current location may not be disentangled from the internal forces that induce them to expand in the same location. Very few firms in our sample fall into this group and, not surprisingly, our findings are robust to their exclusion. Second, we dropped entries if a firm has only a single bio-activity at t-1 (e.g., firm only has employment in SIC-8731or only in SIC-2830), for several reasons. First, these specialized firms will not be exposed to internal economies across activities. Second, firms that during the period had only employment in Bio-R&D may not be biopharmaceutical firms. Although there are a nonnegligible number of firms in this group, results obtained by dropping them are similar in sign, magnitude, and significance across specifications. Third, we also dropped expansions into new bioactivities (e.g., manufacturing firm opens a lab) because there could be unobserved firm attributes that induce diversification into new activities (e.g., younger or smaller firms). Our findings remain robust with the exclusion of these observations. Finally, we considered two alternative samples for organic-internal expansions. First, we dropped internal expansions of establishments that were created after 1992 (25% of the expansions) because new establishments are expected to grow in a given location across time. The results are very similar after dropping these observations. Second, we considered alternative thresholds to define internal-organic expansions that take into account the size of the expanding firms. 36 The number of organic expansions only increases slightly with this new criterion and the same findings hold.
In terms of external economies, Glaeser and Kerr (2009) have suggested alternative measures for external agglomeration economies that are orthogonal to agglomeration levels. While their measures work better to capture external economies among manufacturing activities, we used a variation of these variables proposed by Alcacer and Chung (2012) as an additional test. We re-ran the specifications in 35 The main difference observed using the BioScan sample was for internal expansions of Bio-R&D. In this case the largest odd ratio was not for Firm Bio R&D Spec (within-activity collocation) but rather for Firm Bio-Mfg Spec. Furthermore, Firm Bio-Sale Spec also mattered. 36 The new thresholds are based on the median size of new biopharmaceutical establishments by both bio-activity and firm size (small vs. large). This criterion takes into account that larger firms tend to open larger establishments. 
Conclusions
This paper examined the extent to which the geographical location of distinct activities in the value chain (manufacturing, R&D, or sales) is explained by external agglomeration economies (i.e., geographically bounded inter-firm spillovers) and by internal agglomeration economies (i.e., geographically bounded intra-firm spillovers). We argued that the geographical location decision is a tradeoff between external drivers pulling firms to geographically disperse activities and internal drivers pushing within-firm collocation, either across activities (e.g., manufacturing and R&D) or within activities (e.g., multiple R&D labs).
We tested our conceptual framework using data for organic expansions in the U. These insights offer important contributions to the literature. They suggest that focusing on just one side of agglomeration economies may produce biased estimates due to omitted variables, e.g., the effects of external agglomeration economies may be overestimated if internal agglomerations are not included.
Similarly, failing to consider all activities in the value chain may lead to omitted relationships that can also bias results. For example, estimates of the link between manufacturing and R&D may be biased if sales, which affects manufacturing and R&D in different ways, is not simultaneously considered. Also, considering just one type of expansion may mask actual relationships in the data. For example, we show that the role of internal and, to a lesser extent, external economies vary depending on whether firms expand by increasing activity levels in existing establishments instead of opening new establishments.
After all, the default alternative to a new location is to stay in an existing location-an issue that is absent in most of the location literature. These three issues-internal and external economies being relevant, all activities in the value chain being related distinctly, and effects that vary by expansion type-emphasize the need for a comprehensive framework, both at the theoretical level and at the empirical level, to understand the spatial organization of firms.
Several avenues for further research remain. First, the current empirical analysis focuses on expansions of biopharmaceutical firms. One could extend the analysis to other industries, such as semiconductors and aerospace, to determine how general our findings are. Cross-industry studies would also help by bringing more variation across time and EAs, a requisite for better capturing external agglomeration economies. Second, the effect of internal and external economies may vary across time and our results may reflect a specific stage of the life cycle of biopharmaceuticals. Future research that explores these dynamics would greatly enrich our understanding of the spatial organization of firms.
Third, in this paper we assumed that firms' location decisions are driven by the goal of maximizing profitability and we abstract from the role of location choices on firm performance. In related work, we plan to examine the effects of internal and external economies on the subsequent performance of new facilities and of the firm as a whole. Fourth, we have taken into account the spatial organization of firms with a novel approach, but we did not examine the business practices that shape firms' spatial organization. The location choice and performance of firms may depend on firm management practices that increase the extent of intra-firm and inter-firm interactions (e.g., outsourcing practices, labor mobility practices, IT investments; see e.g., Fort 2011). Fifth, we focused on expansion, but the allocation of activities may imply also contraction of an activity due to internal and external diseconomies. Thus research that focuses on variation in employment levels (both positive and negative) as the dependent variable may refine our findings. Finally, we did not look at overseas expansions due to data limitations.
This omission is less important in our empirical setting since most American biopharmaceutical firms did not globalize during the period study, and the U.S. provided better biopharmaceutical clusters.
Nonetheless, future research should consider the tradeoffs between internal and external economies when firms expand globally (see, e.g., Beugelsdijk et al. 2010) . Notes: Standard errors are clustered by firm. ** Significant at 1% level, * significant at 5% level. Firm Other-R&D Spec has high sparcity in models 5-6 and so we are cautious about the estimated effect. 
